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The currently widely held theory that intrafollicular free fatty acids (FA) are the primary 
agents instigating inflammatory changes in acne is based on circumstantial evidence. There 
is no direct evidence that FA in physiologic concentrations are inflammatory. 
In the present study the quantities of FA present in isolated pilosebaceous ducts and in 
isolated comedones were analyzed. Using these values, the effect of FA on intracutaneous 
injection into human skin was investigated. The range of FA in 257 isolated pilosebaceous 
ducts from skin of the upper back oflO male subjects was 0.19 to 2.43 J.Lg, with an average of 
0.89 ± 0.75 J.LgofFA per duct. The mean FA contentin45 open comedones was 63.6 ± 24.8 J.Lg 
per comedone. 
Fatty acids for intracutaneous testing were isolated from human skin surface lipids and 
from hydrolyzed triglycerides purified from pooled isolated sebaceous glands. Twenty-six 
subjects received 100 J.Lg of FA intracutaneously in the upper back. The response to FA 
injections could not be distinguished from the response to saline contro1 injections. By 24 hr 
no erythema, induration, or any visible marks of inflammation were present in the skin of 
any of the subjects tested. 
At the histologic level a mild inflammatory infiltrate consisting predominantly oflympho-
cytes was slightly more marked in the FA injection site than in the saline control injection 
site. Increasing the amount of FA injected to 500 J.Lg still produced no visible inflammatory 
response in human skin. 
We conclude that intracutaneous injections of FA in physiologic concentrations do not 
produce more than a very mild inflammatory reaction in human skin and suggest that the 
role of Propionibacterium acnes in the pathogeneisis of acne may be more complex than 
merely as a source of intrafollicular lipases. 
The free fatty acid theory of acne pathogenesis 
has come under increased critical review in recent 
years [1]. The main reason for skepticism is that 
all evidence relating free fatty acids (FA) to acne. 
has been circumstantial. There is no direct evi-
dence that FA in physiologic concentrations are 
either comedogenic or inflammatory in human 
skin. All postpubertal subjects have FA in their 
foll ides. There is no evidence that there are any 
major differences in FA composition of skin sur-
face lipids (SSL) of subjects with acne compared to 
acne-free controls [2]. Patients with acne do not 
have higher levels of FA in their SSL. On the 
contrary, they appear to have less FA than do 
normal acne-free controls [3,4}. The skin of sub-
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jects who develop acne is not more sensitive to FA 
than skin of control subjects [5). 
The contention that FA are comedogenic is 
based on experiments using the rabbit ear bioas-
say [6-8]. Undoubtedly this model is an acceptable 
technique to demonstrate relative comedogenicity 
of different substances, but it must be remembered 
that the quantities of FA necessary to induce 
changes in the morphology of the rabbit follicles 
were grossly nonphysiologic compared to the FA 
levels within human follicles. 
The present study was undertaken to reevaluate 
the effects of intracutaneous injection of FA in 
human skin. In the initial phase we analyzed the 
amounts ofF A within isolated pilosebaceous foll.i -
cles and isolated open comedones. Using these 
physiologic values, intracutaneous injections were 
carried out on human volunteers. 
MATERIALS AND METHODS 
Q uantitation of the FA 
In normal pilosebaceous follicles. The amounts of FA 
present in isolated pilosebaceous follicles of human skin 
were analzyed by microdissection of isolated follicles 
and quantitative analysis of the extracted lipids. 
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Three 4-mm punch biopsies were obtained from skin 
of the back of each of 10 male subjects. Intact piloseba-
ceous units were isolated by microdissection after incu-
bation of the biopsies in 1 M CaCl" solution as previ-
ously described 19]. Each unit was further dissected into 
lobes of the sebaceous gland, and the pilosebaceous 
ducts. Ducts dissected from the three biopsies of each 
subject were pooled, homogenized in chloroform: metha-
nol (2:1) in microtissue grinders, and the lipids were 
extracted by the Bligh and Dyer procedure [10]. The 
extracted lipids were weighed on a Cahn model G-2 
microbalance and analyzed by quantitative thin-layer 
chromatography (TLC) according to previously de-
scribed methods {11]. The mean FA content of individ-
ual sebaceous follicles w«S ~:i:il~:ulated by dividing the 
total FA in the pilosebaceous duct pool by the number 
of pilosebaceous units dissected from the three biopsies, 
and finding the mean value obtained for the 10 sub-
jects. 
In isolated open comedones. The amount of FA pres-
ent in isolated comedones was calculated from mean 
values obtained by lipid analysis of 45 isolated come-
dones. Five open comedones were extracted from the 
back of each of 9 subjects with acne on the back. The 
comedones were weighed on a Cahn microbalance and 
processed individually. Lipids were extracted by the 
Bligh and Dyer procedure llOJ. The extracted lipids 
were weighed, diluted according to the final weight, 
and analyzed by quantitative TLC {11). 
Extraction of FA for Injection 
From skin surface lipids. The FA mixture used for 
injection of volunteers was obtained from SSL from the 
faces of healthy laboratory personnel. Subjects were 
asked to wash their face with soap and to rinse well 
with water. before retiring in the evening. The follow-
ing morning, lipid-free rayon balls moistened in hexane 
were used to wipe the forehead, paranasal areas. 
cheeks, and chin. The rayon balls were transported to 
the laboratory in ether-washed sample jars and the 
lipids were extracted immediately with hexane and 
pooled. The F' A were separated from SSL by the method 
of Nicolaides and Foster [12]. The FA sample was ana-
lyzed for purity by TLC. Portions of the FA sample were 
converted to FA-methyl esters and the FA composition 
determined by gas chromatography on 10% EGSS-X 
(ethylene succinate-methyl silicone copolymer) col-
umns, at 1so•c and 18o•c using a Varian 2100 gas chro-
matogram. Sterility was tested in thioglycollate broth 
at 37°C. 
The extracted pure FA samples were weighed on a 
Cahn microbalance and maintained at -4o•c under 
nitrogen in ether suspen:sion until used. 
From isolated sebaceous glands. Theoretically, it is 
possible that some short-chain sebaceous FA are not 
represented in SSL. Such FA could be lost by absorption 
through the follicular wall during passage of sebum 
through the pilosebaceous ducts, and thus never reach 
the SSL pool. To us it seems unlikely that these FA are 
involved in acne. The percentage of detectable FA be-
low carbon chain length 12 in sebaceous lipid is ex-
tremely small {13) and their importance in acne is thus 
far entirely conjectural. Nevertheless, to ensure that 
possible absence of these FA in the SSL FA mixture 
would not influence the results of the present study, FA 
derived from hydrolyzed triglycerides extracted from 
isolated sebaceous gland homogenates were also used 
for intradermal injection. 
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One hundred and ftfty biops ies from recipient sites of 
7 patients undergoing hair transplant operations were 
used as a source of sebaceous glands. Microdissection of 
the pilosebaceous units was carried out according to 
routine procedw·es after incubation of the biopsies in 1 
M CaC12 solution. A total of 2000 glands were collected. 
These were stored at - 4o•c until extraction. Lipids 
were extracted with chloroform:methanol (2:1) 1101 in 
microtissue grinders, evaporated to dryness under ni-
trogen, and weighed on a Cahn microbalance. 
The triglyceride fraction was separated by TLC and 
eluted from the silica gel with ethyl ether. Triglycer-
ides were hydrolyzed with 0.5 M potassium hydroxide in 
methanol:toluene:water (9:1:11 following the method 
recommended by Nicolaides (personal communication). 
The FA were acidified with H2SO. and extracted with 
petroleum ether. The evaporated samples were weighed 
on a Cahn microbalance and analyzed by TLC and gas 
chromatography (as described above) to establish the 
purity and to characterize the exact FA composition of 
the fraction. Samples were maintained in ether solu-
tion at - 40°C under nitrogen, un til used for injection. 
For injection, FA preparations were diluted so that 
the desired final concentrations were suspended in 0.03 
ml of sterile, pyrogen-free saline. This was the volume 
used for all injections. Sterile Tween 80 was added to 
FA suspensions as an emulsifying agent so that the 
final concentration of Tween 80 was 0.05o/<'. 
Intracutaneous lr~iections of FA 
A total of 23 subjects were injected with 100 !Lg ofF A 
obtained from SSL, and 3 subjects were injected with 
100 ILg of FA obtained from sebaceous gland homage-
nates. All subjects received contralateral injections of 
0.03 ml of sterile. pyrogen-free saline containing 0.05% 
Tween 80. Injections were intracutaneous into skin 3 in. 
lateral to the midline of the upper back. Subjects were 
examined 24 hr after injection and at that time 3-mm 
biopsies were obtained from both injected s ites in 2 of 
the subjects. Biopsies were fixed in formalin, sectioned, 
and stained with hematoxylin and eosin. 
In addition, two subjects received a series of injec-
tions of 200, 300, and 500 !Lg of FA (from SSLJ sus-
pended in 0.03 ml of saline to see whether these in-
creased concentrations would induce an mflammatory 
response. 
Two of the 28 subjects injected had moderate acne on 
the back. The others had no history of acne. One of the 
subjects with acne was one of the 2 subjects biopsied. 
RESULTS 
FA Levels 
1 n normal pilosebaceous ducts. A total of 257 
pilosebaceous ducts from 30 4-mm biopsies of nor-
mal skin were analyzed . The Figure is an example 
of one such intact pilosebaceous unit. Only the 
ductal portion was analyzed in the present study. 
Lipids were extracted from the pooled homoge-
nized ducts; thus the starting material included 
lipids in the follicular wall as well as sebaceous 
lipids in the follicular lumen. 
The mean amount of total lipid extracted per 
duct from each of 10 subjects ranged from 1.39 to 
8.26 Ji-g with an average of 4.24 ± 2.42 Ji-g lipid per 
duct for the 257 ducts analyzed. Of this total lipid 
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the percentage of FA content varied from 13.7 to 
32.5~. with an average of 18.8 ± 6~ per duct. In 
gravimetric terms, the range of mean levels ofF A 
present per duct in each of 10 subjects was 0.19 to 
2.43 J.Lg, with an average of0.89 ± 0.75 1-Lg of FA 
per duct for the 257 ducts analyzed. 
In isolated comedones. The mean FA content of 
the 45 iso1ated comedones was 63.6 ± 24.8 1-Lg per 
comedone. The Table summarizes the relationship 
between the mean weight, lipid content, and FA 
content of 5 comedones from each of 9 subjects. 
In lipid analysis of comedones by TLC, the rela-
tive amount of squalene in comedones was 4.2% of 
the total lipid. This level is much lower than the 
levels reported previously in SSL (12%) ll4J, and 
in sebaceous glands (19%) !15]. 
F1c . Intact pilosebaceous unit isolated from skin of 
the upper back. The sebaceous gland , vellus hair. and 
epidermal remnants were trimmed ofT. The ductal por-
tion was analyzed for lipid content. 
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Analysis of the FA Samples Used for Injection 
TLC analysis of the FA samples prepared from 
SSL and from pooled isolated sebaceous glands 
demonstrated that both samples were pure prepa-
rations. 
Gas chromatographic analysis of the FA-methyl 
ester preparations demonstrated that the propor-
tions of major FA corresponded well with the com-
position reported previously for SSL FA [16]. 
Results of Intracutaneous Injection of FA 
Intracutaneous injection of 100 1-Lg of FA (from 
either SSL or from sebaceous gland homogenates) 
in skin of a ll 26 subjects tested produced no visible 
inflammatory response in any of the subjects. This 
included the 2 subjects who had acne on the back. 
At 24 hr the FA test site was indistinguishable 
from the site of injection of the saline control. No 
erythema, induration or visible markings. other 
than that of the needle prick, could be detected in 
the skin surface. 
Biopsies showed a mild perivascular inflamma-
tory infiltrate in skin injected with FA, as well as 
skin injected with the saline control. The reaction 
was more noticeable in the FA-injected site. Lym-
phocytes were the predominant cells in both reac-
tions, but a few eosinophils, polymorphonuclear 
leukocytes, and plasma cells were also present in 
the FA-injected site. These were not seen in the 
saline control. 
Increasing the amount ofF A to 500 1-Lg produced 
a painfu lly stinging sensation on intracutaneous 
injection, but all traces of a visible inilaiilUlatory 
react ion had disappeared by 24 hr. 
DISCUSSION 
The amounts of FA used for intracutaneous in-
jections in the present study were considered phys-
iologic because they were based on values obtained 
by lipid analysis of individual pilosebaceous folli-
cles and comedones. 
Our analysis was carried out on open comedones 
even though the closed, rather than the open, 
TABLE. Comparison oft he mean weight. lipid content. and free latty acid fFA ) content of 45 open comedones" 
Crude weight Totnl lipids FA SubJect lmgl J.Lg ~ J.Lg 'K 
J . B. 1.4548 446.7 30.7 80.0 18.1 
E. S. 0. 7549 321.7 42.6 55.9 17.3 
P . E . 0.9292 654.4 70.4 100.9 15.4 
R. H. 1.0327 489.3 47.3 92.3 18. 
M.N . 1.3911 242.0 17.3 54.6 22.5 
J .S. 0.2314 143.0 61.7 19.4 13.5 
M.A. 0.3396 139.0 40.9 46.0 33.1 
M.B. 0.4889 174.0 35.6 56.6 32.5 
F.C. 0.5264 156.0 29.6 67.4 43.2 
Mean values 0.7943:!: 0.4411 307.3:!: 184.8 41.7 :!: 16.4 63.6:!: 24.8 23.8 :!: 10.1 
• The means of individual values of 5 comedones per subject 
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comedone is considered representative of the ini-
tial pathologic stage of inflammatory acne. How-
ever, previous observations indicate that closed 
comedones weigh relatively less than open come-
dones. Thus, our use of 100 p.g of FA probably 
represents maximal levels of FA that are present 
in inspissated follicles. 
These values correlate well with the values one 
could calculate from weights of comedones re-
ported by other investigators. Marples, McGinley, 
and Mills [17] found the average crude weight of 5 
open comedones extracted from each of 15 patients 
to be 590 ± 70 p.g. The comparable weight of the 
same numbers of closed comedones was 400 ± 40 
p.g. Gershbein, Haeberlin, and Singh analyzed 
comedones from 35 subjects and found 31% of co-
medonal weight to be lipid ll8]. Of this lipid 
weight the combined triglyceride FA fraction is 
around 63% (16]. In comedones, up to 90% of this 
combined fraction can be in the FA form [16]. 
Thus, using previously published comedonal 
weights [17], the FA content of open comedones 
can be calculated to be 103 ± 12 ;.tg and of closed 
comedones 70 ± 7 p.g. 
A previous study on the effect of intracutaneous 
injection of SSL into human volunteers 119) found 
that sebum was very inflammatory in human 
skin. Sebum with FA removed was significantly 
less inflammatory than whole sebum, and free FA 
by themselves were as inflammatory as whole se-
bum. In that study, biopsies taken 7 to 28 days af-
ter injection of the lipids still demonstrated the 
marked inflammatory infiltrate in the tissues. 
The important critical difference between the 
present study and that of Strauss and Pochi is in 
the amount of FA used for injection. Strauss and 
Pochi used sebum and FA derived from human 
scalp surface lipids; 0.03 m] of undiluted material 
or 1 ml of 1:100 aqueous dilutions were injected 
intradermally into scalp and back of human volun-
teers. The actual gravimetric amounts of lipid in-
jected were not reported, but if triolein is used as a 
representative lipid comparable in weight to seba-
ceous lipids, it can be calculated that if 0.03 ml of 
triolein weighs 24 mg, the gravimetric amounts of 
lipid injected in the previous study were roughly 
100 to 200 times the maximal quantities of FA 
present in closed comedones. 
Fatty acids on skin are clearly primarily prod-
ucts of bacterial lipolysis of sebaceous triglycerides 
and all evidence supports the contention that of 
the cutaneous bacteria, Propionibacterium acnes 
is the most important source of intrafollicular li-
pases [20,21). Thus skin surface FA can be used as 
markers for intrafollicular P. acnes activity. 
When P. acnes populations are reduced by effec-
tive antibiotic therapy, a concomitant decrease in 
surface lipid FA occurs [22,23]. So far, agents that 
reduce skin surface FA have also had a clear anti-
bacterial effect on P. acnes and a reduction in 
surface FA has also been accompanied by a paral-
lel decrease in P . acnes densities and frequently 
with a clinical improvement in the acne condition. 
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Only one agent tested so far has been a specific 
lipase inhibitor without having a parallel antibac-
terial effect, and this compound DH 818 (or 0,0-
dimethyl-0-(3,5,6 trichloro-2-pyridyl) phosphate) 
was not effective clinically in alleviating acne 124]. 
Our finding that intracutaneous injections of 
100 to 500 p.g of sebaceous FA do not produce more 
than a very mild inflammatory reaction in human 
skin reinforces the suggestion that FA may not be 
the prime inflammatory agents in acne. Possibly 
these substances act in combination with other 
sebaceous or bacterial products, but the notion 
that they are highly inflammatory per se appears 
to be incorrect. This in turn suggests that the role 
of P . acnes in the pathogenesis of acne may be 
more complicated than merely as a source of intra-
follicular lipases. 
We are grateful to Ms. Antoinette Sars, R.N. , for 
performing intracutaneous injections, and to Drs. Ger-
aldine Kurz, Lawrence Cohen, and Francis Choy, resi-
dents in the Division of Dermatology at UCLA, for 
obtaining biopsies for the present study. 
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